The theoretical analysis has arrived at an expression for optical gain ( ) 
Since a phonon is emitted during the stimulated emission of a photon and since a phonon is absorbed during the absorption of a photon, a net stimulated emission of phonons will occur when the population inversion is reached. Therefore, the condition for the net stimulated phonon emission resulting from the net stimulated emission of photons with energy ω h is the same as Eq. (2). The increase in the phonon population due to the net stimulated phonon emission results in a deviation of phonon occupation number from its value at thermal equilibrium. 1.14 1.1278eV
Phonon occupation number n q The net generation rates for photon and phonon are derived as follows 
where is the pumping rate either by current injection or optical excitation; p R β is a factor which represents the fraction of spontaneous emission entering the optical mode; c τ , p τ and q τ are the lifetimes of carrier, photon and phonon, respectively; and p K and q K are the density of states for photon and phonon, respectively.
We set
in Eqs.(4a)~(4c) and solve for the steady state solution of the rate equations. The threshold condition for laser oscillation is then obtained as follows
Eq. (5) shows that the photon loss of the resonant cavity must be compensated by the optical gain for the on-set of laser oscillation. The steady state solutions for electrons, photons, and phonons above the threshold are 0 1 exp
where and are, respectively, the photon density and the phonon density, is the phonon density at thermodynamic equilibrium, and is the pumping rate at threshold. Below the threshold, the photon density increases rather slowly. However, once the threshold is reached, the photon density increases rapidly and linearly with the pumping rate . As to the phonon, its density remains practically constant before threshold, but increases linearly with the pumping rate once the threshold is reached. Both the photon and the phonon densities grow rapidly after the threshold is reached, which indicates the co-stimulated emission of photons and phonons. On the other hand, the carrier concentration N increases linearly with the pumping rate before the threshold is reached, but clamps at its threshold value after the threshold is reached. 
